Limiting cross sections for multiphoton coupling K. Boyer Revue Phys. Appl. 22 (1987) [5, 11] and the removal of electrons from an inner principal quantum shell has been demonstrated in xenon [5, 11] at an intensity of ~1016 W/cm2. Extrapolation [5] of the experimentally observed trend indicates that, at sufficiently high intensity (~ 1020 WIcm2 ), energy transfer rates 'for heavy atoms and molecules may approach -1.0 W/atom. This work provides the basis for that estimate of the limiting behaviour of the coupling at high intensity. Secondly, it is believed possible than an understanding of these physical interactions will provide a basis for an efficient means for the generation of stimulated emission in the X-ray range [4] by direct, highly nonlinear coupling of ultraviolet radiation to atoms and molecules. This view follows since (a) the fundamental task in the production of coherent short wavelength radiation is the controlled deposition of energy at high specific power and since (b) there is accumulating physical evidence [4, 5, [9] [10] [11] [12] [13] [14] [15] [16] [17] [4, [18] [19] [20] . This situation stems directly from basic physical reasoning [4, 21, [4, 9, 10], a model which bears an analogy to certain atom-atom and ion-atom collisional processes [9] . In this appraisal both the increasing scale of the excitation energy and the decreasing orbital radii of inner electronic shells [25] are taken into account.
With the use of this means of approximation in an earlier estimate [9] of the multiphoton cross section for M-shell excitation in xenon, an interesting clue emerged. In the high field limit, it was found that the resulting cross section for the nonlinear process had a value slightly greater than the total single-photon cross section [26, 27] [29] .
Secondly, with the same approach [9] , the expression for the cross section was evaluated in a manner corresponding to the maximum ability of the atomic system to absorb energy through excitation of the most strongly bound inner electrons. This was done in the extreme high field limit by assuming that all of the atomic electrons (Z) participated in the driven motion, and by letting the matrix elements tend to a0/Z and the electronic quiver velocity tend to the speed of light (v -c). With suitable approximations comparable to those used in the estimates for xenon [9] and uranium, this procedure yields the elementary result 03C3m ~ 8 03C003B12a20=803C003BB2c~3.6 10-20cm2, (6) [14] , the data for which are shown in figure 1 . In this case, for the singly charged ion, the average energy Fig. 1 . -Threshold laser intensity for ion charge state production with a 248 nm -500 fs laser pulse. For the experimental conditions determining the limit of detection, a transition probability of T =10-3 defines the threshold condition. The data are from reference [14] .
transfer cross section at the threshold intensity is directly related to the measured value of the transition rate.
These three pieces of information conceming, respectively, (a) the threshold cross sections [14] for low ionization stages in the low intensity regime (1 « 1014 W/cm2), (b) the average cross section [5, 11] 10 6. This value should be reckoned against the experimentally determined efficiency of ~ 10-4 deduced from fluorescent emissions observed [11, 12] in the 10-20 nm range produced by subpicosecond irradiation of atoms at an intensity in the range of -1015 -1016 W/CM2. If the observed state specific branching seen in the fluorescence arises from electronic correlation, as recently suggested [11, 12] , then known atomic data [32] [33] [34] [35] [36] [37] [38] on the nature of these internal atomic couplings indicate that efficiencies above _ 10-2 may occur in appropriate cases.
Conclusions.
The availability of extraordinarily bright femtosecond ultraviolet sources is rapidly extending the study of atomic responses into an unexplored regime for which the electric field is considerably in excess of an atomic unit. The physical processes involved in these high intensity interactions can be examined in the subpicosecond regime at intensities in the range of ~ 1020 W/cm2. The combination of experimental findings on ion production with theoretical estimates of the limiting behaviour in the strong field regime provides evidence that extraordinarily large rates of energy deposition, possibly as great as 1 W/atom, may be achieved in high Z materials by these nonlinear mechanisms. The possibility of a rate of this magnitude supports the conclusion that stimulated emission in the X-ray range can be generated by the use of these nonlinear processes. It also presents the possibility, proposed by others [39] [40] [41] , that nuclear transitions could be induced by driven motions of atomic electrons.
